Introduction
Water is imperative for sustaining life on Earth. With supplies of consumable freshwater becoming more and more limited, it is vital to preserve freshwater clean. Groundwater begins as precipitation, which then falls to the surface of the Earth. The water then seeps through the vadose zone into the phreatic zone, where it is stored in permeable bodies of rock, known as aquifers. This infiltration of meteoric water into an aquifer is known as recharge. Precipitation also flows across the land into rivers, lakes, or other surface water bodies, where recharge can also occur, as seepage from these surface waters makes its way into the aquifer below. 1 The most prominent fresh local aquifers in the state of Texas are the Pecos Valley Alluvium (PVA), Ogallala, and Edwards-Trinity Plateau. All are used for agricultural, industrial, and domestic purposes along with human consumption. Groundwater is a renewable commodity; however, arid climates like West Texas present little natural recharge to the groundwater system. 2 With increased population growth, the demand upon potable water supplies has also increased, making fresh groundwater sources even more scarce and heightening the concern over contamination.
Due to the varied nature of groundwater recharge, there are many possible pollutants that may be present in the water, and the route of pollutants entering aquifers includes the following numerous sources: agricultural runoff into a stream, pesticides applied to crops, and interactions with other rock bodies above or below the aquifer. Groundwater contaminants can be inorganic, organic, biological, or radiological. Among all the different types of water contaminants, inorganics like arsenic, chromium, copper, lead, and nitrate have proven to not only be the most present pollutants in the water but also are the most seriously harmful for human health. 3 Furthermore, previous studies conducted throughout West Texas indicated widespread concerning contamination of aquifers in the region by heavy metals. 4, 5 Although they can be naturally found in water bodies, the major sources of inorganic contaminants are anthropogenic. Agriculture, littering, and industrialization are the main causes behind the rise in the levels of inorganic contaminants in aquifers. Copper and lead can also be introduced to water systems due to corrosion of pipes in old public water systems. The consequences for ingestion of these substances are varied from respiratory problems to cancer and in most of the cases would require medical attention. 3 In Texas, numerous studies about public water contamination have been conducted. While Reedy et al 6 led an extensive analysis about water occurring groundwater contamination across Texas, Manz et al 7 conducted a study about the relation of human activities and water contamination in West Texas. The 2 studies also evaluated the harm of water contamination to human health, and proposed solutions to prevent it. Likewise, Honeycutt 8 analyzed the contamination with heavy metals, such as chromium, in aquifers in Texas. With a letter, Honeycutt discussed the work of Collins et al. 9 In his article, Collins warned about the danger of high chromium levels that was found in groundwater of cities of Texas, including Midland, and performed an in-depth analysis on the health problems associated with the consumption of contaminated water. In a study published by Leatham et al, 10 they have also discussed 2 Air, Soil and Water Research the importance of good water quality in Texas for human health and financial benefits. Leatham showed how polluted water affects agriculture. As agriculture is one of the primary economic activities that generate profit in Texas, Leatham proposed that improving water quantity would greatly increase the state income.
For all the above-mentioned proposes, the intention of this study is to evaluate the water quality of the cities of Midland and Odessa. Levels of copper, lead, arsenic, nitrate, and chromium in drinking water for the last years were analyzed to produce conclusions about the safety of the consumption of water, for the populations of the 2 cities.
Study Area and Methodology Study area
The study area is located in West Texas, USA, which is part of the Permian Basin ( Figure 1 ). The study area extends across 2 cities of Texas: Odessa and Midland. These areas are predominantly semi-arid climate. In Midland and Odessa, snowfall is not common, and precipitation is mainly due to rainfall. 11 While Odessa had an average annual precipitation of 14.65 inches in 2018, Midland had an average annual precipitation of 14.9 inches. 12 According to the United Nations Environmental Program, the 2 cities can be classified as semiarid environments, because the annual average precipitation was close to be below 13.78 inches. 13 These dry climate conditions, added to the scarcity of water bodies, make the use of groundwater aquifers imperative. Consequently, groundwater contamination has significant repercussions on public health, due to slow water recharge rates for semi-arid environments. 14 The land covering the 2 cities is mainly bush, developed, grass, and crop ( Figure 1 ). There is a population growth of more than 18% in Midland and 16% in Odessa from 2008 to 2017. 15, 16 Oil and gas production, and other economic activities, also reached a peak during this period, consolidating the Permian Basin as one of the top producers of hydrocarbons in the world. 17 The new coming use of hydraulic fracturing in 2008, a technique that injects fluids to fracture rock reservoirs and enhance the production of hydrocarbons, 18 became widely used. 19 This technique is not only known for directly inserting pollutants to groundwater aquifers but also for introducing contaminants through the interaction of different rock reservoirs. 20 In the case of Midland and Odessa, municipal wells pull water from the PVA, Ogallala, and Edwards-Trinity aquifers. The PVA is alluvial and eolian sediment deposited during the Cenozoic. The Ogallala is an alluvial aquifer consisting of sand, silt, and gravel. The formation was deposited during the late Miocene to early Pliocene and extends for approximately 450 000 km 2 , ranging from Texas to South Dakota. The Edwards-Trinity Plateau aquifer was formed during the early to middle Cretaceous, with the main water bearing units being dolomite, limestone, and sands. 2 Located in Ector, Martin, and Midland counties, Figure 2 indicates the location of the wells used for the public water systems in Midland and Odessa, provided by the Texas Water Board Development (TWBD).
Methodology
The Safe Water Drinking Act (SWDA) of 1974 created maximum contaminant levels (MCLs) for municipal water supplies. Based on the SWDA, the Environmental Protection Agency (EPA), along with the Texas Commission of Environmental Quality (TCEQ), enforces these rules to ensure public safety. 21 Municipalities must routinely test their water supply and report the results to each agency and the public.
For the purpose of this study, the annual water quality reports produced by the cities of Midland and Odessa were used. These reports contain yearly averages of water contaminate levels. 22, 23 Copper, lead, arsenic, nitrate, and chromium levels in particles per million (ppm) and particles per billion (ppb) from these reports were analyzed per city from 2008 to 2017 (Tables 1 and 2 ). Furthermore, the values obtained from the reports were plotted for comparison between cities over time. Finally, curves were generated for each pollutant per city connecting the points on the graphs (Figures 3, 4 , 5, 6, and 7), using Cubic Hermite Interpolation (Equation 1). Cubic Hermite Interpolation was the method chosen, because its efficiency to model changes of dispersion and concentration of pollutants in aquifers has been proven in previous studies 24, 25 f t at bt ct d
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Results and Discussion: Inorganic Pollutants
Levels of certain pollutants for some years were not possible to obtain from the water quality reports provided by the cities of Midland and Odessa. Chromium levels were not constantly shown on the reports; nitrate and arsenic levels were shown constantly on the reports for most of the years. Values for lead levels were only seen on the reports for each city when lead levels were shown as well. 22, 23 As copper and lead levels in water are tested using similar techniques, 26 this conformity might also indicate that copper and lead levels in water are only periodically shown to the public.
Copper
Copper is a metal that can be commonly found in nature. It is also widely used in pipes and drainage systems. 27 According to the EPA, copper in water systems is mainly due to corrosion of household plumbing, but it is also due to erosion of natural deposits. 21 Both the cities of Midland and Odessa experienced low copper levels in water from 2008 to 2011. After the levels of copper reached a peak in 2012, they both were expected to experience a slight progressive reduction during the next 5 years. Copper starts being highly harmful for human consumption when its level overpasses 1.3 ppm. Gastrointestinal and renal problems are known to occur with consumption of copper. 28 Nevertheless, exposure to low levels of copper, like the ones reported in the cities of Midland and Odessa since 2012, are proven to cause similar effects over prolonged periods of time. 27 
Lead
From air sprays to household items, lead is a metal that is present in a great variety of daily use products. Lead is rarely found in nature, and when it is, it is normally due to human activities. 27 Lead is normally found in water systems because of the corrosion of household plumbing and leakage of chemicals to the underground. 28 The lead concentration in the water of the city of Odessa was calculated to be relatively stable in the 10 years of the analysis. For the city of Midland, after having shown lower concentration values than the city of Odessa, the lead concentration in water experienced a high peak in 2012 and was calculated to remain the highest for the rest of the years of the study.
Due to the high toxicity of lead, concentrations higher than 15 ppb are not allowable in water systems. Health problems associated with lead contamination are physical and mental disease for infants and renal problems for adults. 28 Although below the safety limit, the levels of lead found in the water of Midland and Odessa in the last 6 years analyzed can still represent a hazard for the population of the cities. 27 
Arsenic
Arsenic is a toxic substance that is commonly found in nature. Most of the arsenic that is found in public water systems comes from rock formations. Human activities like mining and agriculture can also deposit arsenic to water systems. 29 The arsenic levels from the city of Odessa never reached concentrations higher than 5 ppb. Dissimilarly, the arsenic levels in the water in the city of Midland reached concentrations higher than 20 ppb during most of the study. Comparing the curves generated for the 2 cities, and due to the more detailed data provided by the water quality reports, 22, 23 it is possible to state that Midland had a much higher amount of arsenic in water during the 10 years of the study.
Even though arsenic is a naturally occurring substance, it is highly toxic for human consumption. Therefore, very low concentrations in drinking water (10 ppm) can be dangerous. The negative effects of arsenic to human health are serious and varied. Exposure to arsenic can cause skin damage, circulatory problems, and cancer. 28 As the city of Midland only presented arsenic levels in water lower than 10 ppm in 2016, this poisonous substance has been actively representing a hazard for the population of Midland.
Other potential inputs of arsenic in public water occur when petroleum hydrocarbon releases create reducing environments allowing for its mobilization because of oil production. 17, 29 With the advancement of horizontal drilling and hydraulic fracturing, previously untouched shale strata were now viable, greatly increasing the amount of recoverable reserves. As a result, rig count dramatically rose to nearly 500 at the end of 2011 and oil prices peaked at over $100 per barrel, ultimately allowing production to reach 1 million barrels per day. 28 In Air, Soil and Water Research addition, associated oil field facilities grew to account for the increase in production. These factors resulted in a considerable change in both economic growth and water quality in Midland.
Nitrate
Nitrate is a naturally occurring substance fundamental for any organism. Nitrate is also the result of human activities like agriculture, farming, and septic systems. 30 As weathering also increases nitrate levels in water systems, weather can also be the reason for nitrate levels to rise. 31 Comparing the 2 curves generated, nitrate levels in water for the city of Midland were always approximately more than 1 ppm higher every year than in the city of Odessa. Although they showed different values of magnitude at any time, it is possible to spot a certain correspondence in the curves generated for the 2 cities. The 2 curves seem to increase and decrease coordinately during certain periods of the study.
Even though nitrates are normally present in most water systems, they can represent a problem when their values exceed 10 ppb. Infants are more sensitive to high nitrate levels than adults. After consuming water with high nitrate content, they can develop respiratory problems that can risk their lives. 28 For the Midland-Odessa population, the nitrate levels never represented a risk during the 10 years of the study.
In addition, nitrates contaminate groundwater from agricultural runoff from either animal wastes or inorganic natural fertilizers. 5, 30 They are commonly associated in fertilizers, due to its relative low cost and abundant availability. These can reach the groundwater through leaching in the subsurface. Furthermore, runoff from surface spills or infiltration from animal wastes may have resulted in these elevated concentrations. 28 Once the nitrate contaminant has reached the aquifer, there is no natural remediation processes that can occur to decrease the concentrations in public and groundwater.
Chromium
Chromium is an important industrial metal that is found in water systems due solely to human activities. 32 Discharge from steel factories is the main reason behind chromium contamination in water systems. 28 Due to the lack of data for the city of Odessa, the Cubic Hermite Interpolation method could not generate a complete curve of the chromium levels in water for the city of Odessa. 33 Therefore, an accurate comparison of the concentration of the pollutant in the water of the 2 cities is not possible. However, from 2013 to 2015, it is possible to observe that the concentration of chromium was considerably lower in Odessa.
Unlike other chemical substances, chromium is not excessively harmful to human health. When chromium is found in levels above 0.1 ppm, it causes skin problems like allergic dermatitis. 28 Even though chromium contamination does not represent a life-threatening risk, the values for the city of Midland are far above the safe concentration, which can represent risk after a long term of exposure. 32 
Conclusions
This study has evaluated the public water contamination in the cities of Midland and Odessa from 2008 to 2017. Based on the data collected, Midland shows a higher level of contamination across time. This difference can be explained, because the 2 cities get water from different aquifers. While the city of Midland gets water almost entirely from the Edwards-Trinity Plateau aquifer, 34 the city of Odessa gets water from both the Ogallala aquifer and the Edwards-Trinity Plateau aquifer. 35 This difference in the pollution levels of the water between the cities might indicate that the Edwards-Trinity Plateau aquifer is presenting higher contamination than the Ogallala. According to the EPA guidelines, the water for the last year analyzed, from the 2 cities, are generally safe for consumption. 28 A more complete and extensive data set of information will increase the effectiveness of computational methods to predict the behavior of the concentrations of contaminants in the water. 33, 36 When it comes to the reasons behind the contaminations of the aquifers, all the pollutants analyzed, present in the water of Midland and Odessa, are proven to be either partially or mainly originated due to human activities. 27, 29, 30, 32 
